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(54) PLASMA TREATMENT APPARATUS 

(5 7) Abstract: 

£ Pi PROBLEM TO BE SOLVED: To miniaturize 

( s > J ^ the entire body of an apparatus, expand 

applicability to a variety of objects to be 
treated, make it easy to assemble the 
apparatus in an in-line of a production 
process, considerably lower the production 
- — )9! cost by simplifying the electrode part 
constitution, and properly, evenly and 
^remarkably efficiently carry out a prescribed 
surface treatment. 

SOLUTION: This plasma treatment apparatus 
is provided with a high voltage electrode 1 
formed in the solid belt-like shape and a pair 
of grounded electrodes 3, 3 set face of face 
while sandwiching insulating plates 2, 2 in 
both sides in the thickness direction and the 
one end part 1 A in the short side of the high 
voltage electrode 1 is so formed as to form 
approximately isosceles triangle shape having 
inclining faces la, la. Electric discharge gaps 15, 15 and inclining faces 3a*, 3a* 
composing the passages 16,16 for blowing gas currents containing chemically active 
and excited seeds generated by electric discharge plasma are installed in the one end 
parts 3 A, 3 A sides in the width direction of the earthing electrodes 3, 3 where a 
reaction gas supply passage 6 is formed in the solid inside on the opposite to the 
inclining faces la, la in both sides of the high voltage electrode 1 side. 




[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a plasma treatment apparatus, and in 
detail. When applying a paint to the resin which mainly has water repellence, such as 



polyethylene, polypropylene, PTFE (polytetrafluoroethylene), or printing by a water- 
based ink, reform the surface to hydrophilic nature, or, It is related with the plasma 
treatment apparatus used when performing the surface treatment of the plasma 
treatment of oxygen giving wettability on the surface of a plastic, carrying out 
hydrophilization of the hydrophobic surface of glass, ceramics, metal, a 
semiconductor, etc., or washing the organic matter adhering to the surface. 
[0002] 

[Description of the Prior Art] As a plasma treatment apparatus used for surface 
treatments, such as the above surface treatment and organic matter washing. The 
reactant gas which mixes reactant gases, such as inactive gas and oxygen, such as 
helium and hydrogen, and fluorine-containing compound gas of a fluorocarbon 
system, under atmospheric pressure or the pressure near the atmospheric pressure 
(weak decompression or weak application of pressure) between a high voltage 
electrode and an earth electrode. By impressing high frequency voltage to two 
electrodes, while introducing into the discharge section formed and passing it. As an 
atmospheric pressure plasma treatment apparatus constituted so that the gas stream 
which makes a discharge section generate glow discharge plasma, and is generated by 
this plasma, and which includes an activity excitation kind chemically might be 
turned on the surface of a processed material, might be made to blow off and a 
predetermined surface treatment might be performed, For example, the thing of 
composition as indicated by the patent No. 2589599 gazette and the patent No. 
2934852 gazette is already proposed from before. 

[0003]Realization of the surface treatment under atmospheric pressure is possible for 
the plasma treatment apparatus proposed from these former, A processing unit by the 
low-pressure glow discharge plasma adopted from it or before. For example, low- 
pressure glow discharge plasma is generated by making the discharge section between 
the high voltage electrode and earth electrode which have been mutually arranged to 
the opposed state introduce the reactant gas for discharge, such as oxygen, in a 
vacuum housing, and impressing high frequency voltage to two electrodes. It 
compares with the plasma processing unit constituted so that the surface of the 
processed material which carried out installation maintenance might be processed on 
an earth electrode by the gas which is generated by this plasma, and which includes an 
activity excitation kind chemically. Since the device for forming a vacuum system 
and equipment are unnecessary, while being able to attain a miniaturization and low- 
cost-izing of the whole device. Since it is not necessary to install a processed material 
on an electrode, it has the advantage that the in-line nest of a production process is 
also easy, and improvement in productivity can also be aimed at that it is easy to 
make it correspond to the area and thickness of a processed material, and shape, and 
can apply to the surface treatment to a variety of processed materials. 
[0004] 

[Problem(s) to be Solved by the Invention]The atmospheric pressure plasma treatment 
apparatus currently indicated by the former patent No. 2589599 gazette among the 
plasma treatment apparatus by which the conventional proposal is made, While 
forming the reactant gas supply path of double duct structure in the box-like discharge 
section by which the end was blockaded. It is a thing in which it makes it come to 
form the tubed discharge space which for [ two or more pairs ] arranges thin tabular 
the high voltage electrode and earth electrode of a couple via an insulation material 
separator to the open lower end part side in a case shape discharge section, and where 
opening connection of the above-mentioned reactant gas supply path is made inter- 
electrode [ the ], Since the composition of the polar zone enters very intricately, a 



manufacture assembly is dramatically difficult, The cost of the whole device not only 
becomes expensive, but it is easy to generate abnormal discharge, such as a spark and 
arc discharge, and there is a problem that generating of the glow discharge plasma 
under atmospheric pressure becomes unstable easily by the power loss accompanying 
this abnormal discharge. 

[0005]On the other hand, the atmospheric pressure plasma treatment apparatus 
currently indicated by the latter patent No. 2934852 gazette, The general-purpose 
processing means of hole dawn processing inside [ the ] inner substance, and slit 
processing to the both side surfaces of the thickness direction using a single inner 
substance batten-plate-shape high voltage electrode, It is possible to constitute the 
polar zone provided with the supply function and the gas stream jet function of 
approximately linear shape of mixing reaction gas from a simple assembly means to 
pile up the earth electrode of a couple on the both sides of the thickness direction of a 
high voltage electrode on both sides of an electric insulating plate, While the 
composition of the whole polar zone is dramatically easy and being able to aim at 
reduction of a manufacturing cost compared with the former atmospheric pressure 
plasma treatment apparatus, the power loss accompanying abnormal discharge, such 
as a spark, can also be controlled. 

[0006]However, in the atmospheric pressure plasma treatment apparatus currently 
indicated by the latter patent No. 2934852 gazette. Two or more slit shape gas 
blowout holes of approximately semicircle shape are formed in each both side 
surfaces of the thickness direction of an inner substance batten-plate-shape high 
voltage electrode in fragments along the long side direction of a high voltage 
electrode, By arranging the slit shape gas blowout hole of these thickness direction 
both side surfaces so that it may be alternately located along with a longitudinal 
direction. It is constituted so that the gas stream which was generated with generating 
of discharge plasma and which includes an activity excitation kind chemically may be 
spouted to approximately linear shape on the surface of a processed material, Also 
although a general-purpose processing means is told to condition of forming so that 
the hole of both sides may be alternately located in each thickness direction both side 
surfaces of a high voltage electrode along a long side direction in the slit shape gas 
blowout hole of two or more approximately semicircle shape, it takes great and highly 
precise manufacture processing technology, and there is a limit also in reduction of a 
manufacturing cost. Although a gas stream blows off to approximately linear shape to 
the surface of a processed material on the whole, since it is what blows off from the 
slit shape gas blowout hole currently actually formed in approximately semicircle 
shape in fragments to the thickness direction both side surfaces of a high voltage 
electrode. It is difficult not to break off and to make the gas stream which blows off 
from each blowout hole form in straight line shape, and it tends to generate dispersion 
in the surface treatment of a processed material. In order to lose such dispersion, it is 
necessary to make the feed rate of a processed material late, and the room of 
improvement is left behind in the field of processing efficiency. 
[0007]This invention was made in view of the above actual condition, and The 
miniaturization of the whole device, While the composition of the polar zone is 
dramatically easy and being able to attain sharp reduction of a manufacturing cost 
from the first, that ease of the nest of a production process the expansion of 
applicability to a variety of processed materials and in-line can be planned. The power 
loss by abnormal discharge can also be controlled and it aims at providing the plasma 
treatment apparatus which can make a jet gas style able to form in the processed 
material surface in a straight line certainly, and can moreover perform a 



predetermined surface treatment uniformly and very efficiently. 

[0008] 

[Means for Solving the ProblemJTo achieve the above objects, a plasma treatment 
apparatus concerning this invention, On both sides of a thickness direction (the 
direction of x-x) of a high vohage electrode (1) currently formed in inner substance 
batten plate shape, respectively An electric insulating plate (2), A placed opposite is 
carried out by the earth electrode (3) and (3) of a couple on both sides of (2), and an 
end side portion (1 A) of a short side direction (the direction of z-z) of the above- 
mentioned batten-plate-shape high voltage electrode (1), While being formed an 
inclined plane (la) which is approached gradually, and in the shape of [ used as (la) ] 
an approximately isosceles triangle so that the both side surfaces approach a tip part, 
inside an earth electrode (3) of the above-mentioned couple, and (3), While a supply 
path (6) of mixing reaction gas with a reactant gas containing fluorine-containing 
compound gas of inactive gas, oxygen, or a fluorocarbon system which makes the 
long side direction (the direction of y-y) meet, and contains helium or hydrogen at 
least is formed, an earth electrode (3) of these couples, To the end part side of a short 
side direction (the direction of z-z) of (3), respectively A both-sides inclined plane of 
an approximately isosceles triangle-like portion (1 A) of the above-mentioned high 
voltage electrode (1) (la), an inclined plane (3a) which makes (la) counter and 
constitutes a discharge gap (15) and a mixing reaction gas blow-off passage (16), and 
(3a) being formed, and. To the above-mentioned reactant gas supply path (6) so that 
free passage connection may be made at an inclined plane (3a) of an earth electrode 
(3) of these couples, and (3), and (3a) Each earth electrode (3), The opening of two or 
more mixed gas blowout holes (10) which separated and formed an interval in a long 
side direction (the direction of y-y) of (3) is carried out, A both-sides inclined plane of 
an approximately isosceles triangle-like portion (1 A) of the above-mentioned high 
voltage electrode (1) (la), An inclined plane of the whole surface containing (la) and 
an earth electrode (3) of a couple, and (3) (3a), At least one side of the whole surface 
containing (3 a) is covered with an insulator (9), An inchned plane of the above- 
mentioned two electrodes (1) from two or more above-mentioned gas blowout holes 
(10), (3), and (3) (la), (3a) While making a both-sides discharge gap (15) of 
formation in between, and a mixing reaction gas blow-off passage (16) introduce and 
pass the above-mentioned mixing reaction gas under atmospheric pressure or a 
pressure near the atmospheric pressure, by impressing high frequency voltage to the 
above-mentioned two electrodes (1), (3), and (3), Generate the above-mentioned both- 
sides discharge gap (15), and glow discharge plasma by this plasma. It constitutes so 
that it may spout to linear shape on the surface of a processed material (13) from a 
blow-off part (17) which provided a gas stream which is generated, and which 
includes an activity excitation kind chemically in the downstream of a both-sides 
blow-off passage (16). 

[0009] According to this invention of the above-mentioned composition, it is possible 
to constitute polar zone provided with a supply function and a straight line shape gas 
stream jet function of mixing reaction gas from a simple assembly means to pile up an 
earth electrode of a couple on both sides of a thickness direction of a batten-plate- 
shape high voltage electrode on both sides of an electric insulating plate. By this, 
compared with a processing unit by low-pressure glow discharge plasma, a 
miniaturization of the whole device, Area, thickness, shape, etc. the ease of a nest of a 
production process expansion of applicability to a variety of processed materials, and 
in-line, of course. While composition of the whole polar zone is dramatically easier 
compared with an atmospheric pressure plasma treatment apparatus of a proposal than 



before, sharp reduction of the whole manufacturing cost can be aimed at by reduction 
of work processes, and unnecessary-ization of highly precise processing technology. 
Since it is the composition which power loss accompanying abnormal discharge, such 
as a spark and arc discharge, does not produce easily, it is easy to stabilize generating 
of glow discharge plasma under atmospheric pressure. 

[OOlOJFurthermore, It is introduced into both discharge gaps and a blow-off passage 
which are formed along a both-sides inclined plane of an approximately isosceles 
triangle-like portion by the side of an end of a short side direction of a high voltage 
electrode, pass, and by glow discharge plasma. By blowing off and making the 
generated gas streams which include an activity excitation kind chemically blow off 
from a blow-off part of the passage downstream towards the surface of a processed 
material, It can be possible to make a gas stream of straight line shape which is not 
which breaks off by the collision of these jet gas styles act uniformly throughout the 
surface of a processed material, and a predetermined surface treatment can be made to 
perform in a usual state efficiently properly uniformly at an emergency. 
[001 l]Like a statement to claim 2 as an insulator which covers at least one side of the 
whole surface which includes the whole surface including a both-sides inclined plane 
of an approximately isosceles triangle portion by the side of a short side direction end 
of the above-mentioned batten-plate-shape high voltage electrode, and an inclined 
plane of an earth electrode of a couple in a plasma treatment apparatus which operates 
as mentioned above, When adopting a means to form by ceramic coating, positive 
pre-insulation which a generation cause of a spark does not generate to an opposite 
inclined plane of two electrodes can be performed easily, a protective effect of an 
electrode can be heightened, and improvement in endurance can be aimed at. 
[0012]In a plasma treatment apparatus of the above-mentioned composition, like a 
statement to claim 3, When making an inside of an earth electrode of a couple, and an 
inner substance batten-plate-shape high voltage electrode meet those long side 
directions and forming a passage for cooling water flows in it, respectively, Even if it 
does not adopt special composition, such as a double duct, it is possible to form a 
passage for cooling water flows in a case of a reactant gas supply path and the 
appearance by hole dawn processing at each electrode itself. It is possible to prevent 
electrode overheating at the time of covering a long time and performing a surface 
treatment, and to perform a predetermined surface treatment efficiently continuously, 
simplifying polar-zone composition more and aiming at much more reduction of a 
manufacturing cost. 

[0013]In a plasma treatment apparatus of the above-mentioned composition, like a 
statement to claim 4, Intersecting angles of a both-sides inclined plane of an 
approximately isosceles triangle-like portion by the side of a short side direction end 
of the above-mentioned batten-plate-shape high voltage electrode, When the gas 
streams which pass and blow off set a both-sides discharge gap and blow-off ****** 
as an angle which collides and joins rather than the above-mentioned blow-off part in 
a jet direction downstream position, Collision unification of the gas streams can be 
carried out on the surface of a processed material, and equalization of a surface 
treatment and further improvement in processing efficiency can be attained. 
[0014]In a plasma treatment apparatus of the above-mentioned composition, like a 
statement to claim 5, By providing a covering casing which surrounds the above- 
mentioned high voltage electrode, an earth electrode, and an insulator, and having 
composition which built into one a consistency machine which adjusts an RF 
generator and a high voltage electrode in this covering casing. It is possible to carry 
out direct attachment of a consistency machine and the power supply terminal of an 



electrode also electrically and physically, While reducing power loss in a high 
frequency (not less than 100 kHz) high power operating mode and being able to attain 
stabilization of plasma treatment especially, Free nature can be given to a using form 
of this plasma treatment apparatus, as wiring for connection covering between both 
could prevent trouble occurrences, such as connection by other things by exposing 
outside, and it unifies compactly and the whole device was referred to as that wearing 
use to a robot is also attained. 
[0015] 

[Embodiment of the InventionJHereafter, an embodiment of the invention is described 
based on a drawing. The vertical section front view with which the side view and 
drawing 2 in which a 1st embodiment of the plasma treatment apparatus which 
drawing 1 requires for this invention is shown met the bottom view, and drawing 3 
met the A- A line of drawing 1 , and drawing 4 are the enlarged drawings of the 
important section of drawing 3 . 

[0016]The atmospheric pressure plasma treatment apparatus 20 in this 1st 
embodiment. On both sides of the thickness direction (the direction of x-x of drawing 
3) of the high voltage electrode 1 formed in inner substance batten plate shape, and 
this high voltage electrode 1, fundamentally, respectively. The earth electrodes 3 and 
3 of the batten plate shape of the rear surface couple by which isolated electrically and 
ground grounding was carried out to the above-mentioned high voltage electrode 1 by 
carrying out a placed opposite on both sides of the band-like electric insulating plates 
2 and 2, such as a 4 fluoridation resin board, Among these high voltage electrodes 1, 
the earth electrodes 3 and 3, and the electric insulating plates 2 and 2, by the end part 
side of a short side direction (drawing 3 and the direction of z-z of drawing 5) 
between the high voltage electrode 1 and the earth electrodes 3 and 3. It consists of 
the covering casings 4, such as a product made from aluminum formed in the shape of 
angle U type so that the whole except the below-mentioned discharge gaps 15 and 15 
and the mixing reaction gas blow-off passages 16 and 16 which are formed might be 
surrounded, 

[001 7]The end portion 1 A of the short side direction (the direction of z-z of drawing 
3) of the above-mentioned high voltage electrode 1 is formed in the shape of [ used as 
an inclined plane which is approached gradually ] an approximately isosceles triangle, 
so that the both side surfaces la and la approach a tip part, as shown in drawing 3 and 
drawing 4 . and the tip part is formed in the circular curving surface lb. The both-sides 
inclined planes la and la and the tip curving surface lb of this approximately 
isosceles triangle-like portion lA are covered with the insulator 9 formed of ceramic 
coating. 

[0018]On the other hand, inside each irmer substance of the earth electrodes 3 and 3 
of the above-mentioned couple, As shown in drawing 5 , the hole covering the overall 
length of an electrode long side direction (the direction of y-y of drawing 5 ) — dawn 
processing and its hole — by press fit immobilization (refer to drawing 6 ) of the plug 5 
to both ends. While the reactant gas supply paths 6 and 6 which supply mixing 
reaction gas with the reactant gas containing the fluorine-containing compound gas of 
inactive gas, oxygen, or a fluorocarbon system containing gaseous helium or 
hydrogen under atmospheric pressure make an electrode long side direction meet and 
are formed, the hole covering the overall length of an electrode long side direction in 
the inside of the inner substance above these reactant gas supply paths 6 and 6 — dawn 
processing and its hole - the passages 8 and 8 for cooling water flows in the state 
where it is parallel with the above-mentioned reactant gas supply paths 6 and 6 by 
press fit immobilization (refer to drawing 6 ) of the plug 7 to both ends are formed. 



The passage 18 for cooling water flows as well as the passage 8 for cooling water 
flows of the above-mentioned earth electrode 3 is formed also in the inside of the 
inner substance of the above-mentioned high voltage electrode 1 . 
[00 19] As shown in drawing 3 , drawing 4 , and drawdng 6 , the inclined planes 3a and 
3a which counter the both-sides inclined planes la and la of the approximately 
isosceles triangle-like portion 1 A of the above-mentioned high voltage electrode 1 by 
a parallel condition are formed in the end part [ of the short side direction (the 
direction of z-z) of the earth electrodes 3 and 3 of the above-mentioned couple ] 3 A, 
and A [ 3 ] side, respectively. Slitting is provided in the portion except a base end and 
the both ends of a long side direction among these inclined planes 3a and 3a, The 
discharge gaps 15 and 15 and the mixing reaction gas blow-off passages 16 and 16 are 
formed, respectively between the inclined plane partial 3a* cut deeply, 3a', and the 
both-sides inclined planes la and la of the approximately isosceles triangle-like 
portion lA of the above-mentioned high voltage electrode 1, And the blow-off part 17 
towards the processed material surface is formed in the downstream of these blow-off 
passages 16 and 16. The intersecting angles theta of the both-sides inclined planes la 
and la of the approximately isosceles triangle-like portion lA by the side of the short 
side direction end of the high voltage electrode 1. The gas streams which pass through 
the both-sides discharge gaps 15 and 15 and the blow-off passages 16 and 16, and 
blow off are set as the angle which collides and joins rather than the blow-off part 17 
in the downstream position of a jet direction (the direction of arrow w of drawing 4) . 
[0020]Inside the end parts 3 A and 3 A of the short side direction of the above- 
mentioned earth electrodes 3 and 3, respectively. Two or more mixing reaction gas 
blowout hole 10 — and 10— in which separate regular intervals to an electrode long 
side direction, one end makes free passage connection in the above-mentioned 
reactant gas supply path 6, and the other end carries out an opening to inclined plane 
partial 3a' and 3a* are formed, these — a blowout hole ~ ten — ten ~ from — the above 

— a high voltage electrode — one — an inclined plane -- one - a — one — a — a couple 

— an earth electrode — three — three - an inclined plane — a portion — three — a — ' - 
three ~ a - ' - between ~ forming — having - both sides - a discharge gap ~ 15 - 

1 5 - and ~ blow off — a passage — 16 - 16 ~ a mixing reaction — gas — introducing - 

— passing — making — while. The gas stream which is generated with generating of the 
glow discharge plasma in the discharge gaps 15 and 15 by impressing high frequency 
voltage to the high voltage electrode 1 and which includes an activity excitation kind 
chemically. It is constituted so that it may spout to linear shape (what is called the 
plasma flare is included hereafter) on the surface of a processed material from the 
blow-off part 17 through the both-sides blow-off passages 16 and 16. 
[0021]Next, the using form of the atmospheric pressure plasma treatment apparatus 
20 and operation by a 1st embodiment constituted as mentioned above are explained. 
As shown in drawing 7 . the resin sheet materials 13, such as PTFE which is an 
example of a processed material, are laid in a horizontal position, and it is used for the 
upper part of the conveying path mid-position of the conveyor 14 in which continuous 
carrying is possible, changing the installation immobilization of the atmospheric 
pressure plasma treatment apparatus 20 into a crossing state. And, carrying out level 
conveyance of the resin sheet material 13 by above-mentioned conveyor 14. Mixing 
reaction gas is supplied to the above-mentioned reactant gas supply paths 6 and 6 
under atmospheric pressure or the pressure near the atmospheric pressure (weak 
decompression or weak application of pressure), By impressing high frequency 
voltage (10 kHz - 500 MHz) to the above-mentioned high voltage electrode 1, while 
introducing this mixing reaction gas into two or more gas blow-off hole 10 — and the 



discharge gap parts 15 and 15 formed between the high voltage electrode 1 and the 
earth electrodes 3 and 3 through 10 The above-mentioned discharge gaps 15 and 
15 are made to generate glow discharge plasma under atmospheric pressure, The ion 
generated by this plasma, which radical reactive gas style that includes an activity 
excitation kind chemically, Namely, by pouring the plasma flare towards the blow-off 
part 17 through the both-sides blow-off passages 16 and 16, and making linear shape 
blow off from this blow-off part 17 towards the surface of the resin sheet material 13, 
It becomes the plasma flare of the straight line shape which is not which carries out 
collision unification of these jet plasma flare mutually on the surface of the resin sheet 
material 13, and breaks off possible to make it act uniformly throughout the surface of 
the resin sheet material 13, and by this. The surface of the resin sheet material 13 can 
be reformed to hydrophilic nature, and the paint and the paste condition of ink over 
the resin sheet material 13, and an adhesive property can be improved remarkably. 
[0022]Face constituting the PURAZU processing unit 20 which performs the above 
surface treatment operations, and in this invention. The single irmer substance batten- 
plate-shape high voltage electrode 1, the supply paths 6 and 6 of mixing reaction gas 
and two or more mixing reaction gas blowout hole 10 — , and 10— are formed, And 
only by piling up the earth electrodes 3 and 3 of a couple in which the inclined planes 
3a and 3a which counter the both-sides inclined planes la and la of the approximately 
isosceles triangle-like portion 1 A of the high voltage electrode 1, respectively were 
formed in the end part side of a short side direction on both sides of the electric 
insulating plates 2 and 2, It becomes possible to constitute the polar zone by which the 
linear shape thin planate discharge gaps 15 and 15 and the mixing reaction gas blow- 
off passages 16 and 16 were formed in both sides, and since the composition of the 
whole polar zone is dramatically easy in this way, sharp reduction of a manufacturing 
cost can be aimed at. Since it is the composition which the power loss accompanying 
abnormal discharge, such as a spark and arc discharge, does not produce easily in the 
bottom of atmospheric pressure or the pressure near the atmospheric pressure, While 
it is possible to make the discharge gaps 15 and 15 generate glow discharge plasma 
with sufficient stability, always proper in the predetermined surface treatment by 
plasma, since the plasma flare which blows off from the blow-off passages 16 and 16 
of both sides is able to carry out coUision unification, to be a straight line and to form 
a uniform plasma flare line in the longitudinal direction — it can be made to carry out 
uniformly and very efficiently 

[0023]Since the passages 8, 8, and 18 for circulation of cooling water are especially 
formed by hole dawn processing inside [ of the earth electrodes 3 and 3 of a couple, 
and the batten-plate-shape high voltage electrode 1 ] inner substance, Although polar- 
zone composition is simplified and a manufacturing cost reduction effect is 
maintained, overheating of each electrodes 3, 3, and 1 when covering a long time and 
performing a surface treatment can be prevented, and improve efficiency by 
continuous processing can be planned. 

f0024] drawing 8 shows a 2nd embodiment of the BURAZUMA processing unit 
concerning this invention - it being a notch side view in part, and, The fundamental 
composition of the atmospheric pressure plasma treatment apparatus 30 in this 2nd 
embodiment is the same as that of a 1st embodiment, attaches the same or numerals 
same into a considerable portion as a 1st embodiment, omits those detailed 
explanation, and adds explanation only about a point of difference hereafter. 
[0025]Since a matching circuit is constituted from this 2nd embodiment, the variable 
condenser 11 and the coil 12 which enable adjustment of high fi-equency voltage 
arbitrarily are provided in the power supply path from the power supply terminal 19 



provided in the high voltage electrode 1 side to the high voltage electrode 1, It 
consists of these variable condensers 1 1 and the coil 12, and the consistency machine 
for making an RF generator and the high voltage electrode 1 match is united with the 
plasma treatment apparatus 30. 

[0026]In the atmospheric pressure plasma treatment apparatus 30 by a 2nd 
embodiment of the above, Since it is the composition that the consistency machine for 
matching with the RF generator and the high voltage electrode 1 which are carrying 
out the graphic display abbreviation into the covering casing 4 was built into one, It is 
possible to carry out direct attachment of a consistency machine and the power supply 
terminal 19 of the high voltage electrode 1 also electrically and physically, While 
reducing the power loss in a high frequency (not less than 100 kHz) high power 
operating mode and being able to attain stabilization of plasma treatment especially, 
As the wiring for connection covering between both could prevent trouble 
occurrences by exposing outside, such as connection by other things, and electric 
wave disclosure, and it unifies still more compactly and the whole device was referred 
to as that the wearing use to a robot is also attained, The flexibility of the using form 
of this plasma treatment apparatus can be extended. 

[0027] Drawing 9 is an expansion vertical section front view of an important section 
showing a 3rd embodiment of the BURAZUMA processing unit concerning this 
invention, and the fundamental composition of the atmospheric pressure plasma 
treatment apparatus 30 in this 3rd embodiment is the same as that of a 1st 
embodiment, A different point the whole surface of the inclined planes 3a and 3a in 
the earth electrodes 3 and 3 of a couple, the both side surfaces 3b and 3b of the blow- 
off part 1 7, and the tip outside surfaces 3c and 3c, It is the point made to cover with 
insulator 9' formed of ceramic coating like the both-sides inclined planes la and la 
and the tip curving surface lb in the high voltage electrode 1, and the numerals same 
into a considerable portion identically to a 1st embodiment are attached with other 
composition, and those detailed explanation is omitted. 
[0028]In the atmospheric pressure plasma treatment apparatus 30 by a 3rd 
embodiment of the above, it is possible to ensure pre-insulation so that a spark may 
not occur between the high voltage electrode 1 and the earth electrodes 3 and 3 of a 
couple, and to heighten the protective effect of an electrode further. 
[0029] 

[Effect of the Invention] As mentioned above, while being able to generate glow 
discharge plasma stable also under atmospheric pressure or the pressure near the 
atmospheric pressure according to this invention, The gas streams which are 
generated by this plasma and which include an activity excitation kind chemically. It 
is made to blow off from the blow-off part of the two blow-off passage downstream 
of the inclination posture formed as the tip side so that it might approach towards the 
surface of a processed material. Since the gas stream of the straight line shape which 
is not which breaks off by the collision of these jet gas styles can be made to act 
uniformly throughout the surface of a processed material, a predetermined surface 
treatment can be made to carry out to an emergency efficiently properly uniformly in 
a usual state. 

[0030]Moreover, a single inner substance batten-plate-shape high voltage electrode, 
and the supply path and two or more mixing reaction gas blowout holes of mixing 
reaction gas are formed structurally, And only by piling up the earth electrode of a 
couple in which the inclined plane which counters the both-sides inclined plane of the 
approximately isosceles triangle-like portion of a high voltage electrode, respectively 
was formed in the end part side of a short side direction on both sides of an electric 



insulating plate, Constituting is [ the polar zone provided with the discharge gap, the 
reactant gas supply function, and the linear shape gas stream jet function ] possible, 
and from **. A small weight saving and low-cost-izing with the whole device 
remarkable compared with the processing unit by low-pressure glow discharge plasma, 
That ease of the nest of a production process the expansion of applicability to a 
variety of [ area, thickness, shape, etc. ] processed materials and in-line can be 
planned from the first, Even if compared with the atmospheric pressure plasma 
treatment apparatus already proposed from before as a thing of a gestalt which turns a 
gas stream on the surface of a processed material, and makes approximately linear 
shape blow off, the composition of the whole polar zone is dramatically easy, and 
sharp reduction of a manufacturing cost can be aimed at. And since it is the 
composition which the power loss accompanying abnormal discharge, such as a spark 
and arc discharge, does not produce easily, it is easy to stabilize generating of the 
glow discharge plasma under atmospheric pressure, and the effect that the efficiency 
of the predetermined surface treatment by plasma can be raised much more is done so. 
[0031]It adds to the above-mentioned effect by adopting the composition [ like ] 
according to claim 2, By being able to perform positive pre-insulation which the 
generation cause of a spark does not produce in an electrode, being able to heighten 
the protective effect of an electrode, and being able to aim at improvement in 
endurance, and adopting the composition [ like ] according to claim 3. Overheating of 
an electrode when covering a long time and performing a surface treatment can be 
prevented, and a predetermined surface treatment can be performed efficiently 
continuously. 

[003 2] When adopting the composition [ like ] according to claim 4 in the plasma 
treatment apparatus of the above-mentioned composition. Can carry out collision 
unification of the gas streams on the surface of a processed material, can attain 
equalization of a surface treatment, and the further improvement in processing 
efficiency, and like a statement to claim 5 further again, When it has composition 
which incorporated the consistency machine in the covering casing at one, It is 
possible to carry out direct attachment of a consistency machine and the power supply 
terminal of an electrode also electrically and physically, While reducing the power 
loss in a high frequency (not less than 100 kHz) high power operating mode and being 
able to attain stabilization of plasma treatment especially. Free nature can be given to 
the using form of this plasma treatment apparatus, as the wiring for connection 
covering between both could prevent trouble occurrences by exposing outside, such as 
connection by other things, and electric wave disclosure, and it unifies compactly and 
the whole device was referred to as that the wearing use to a robot is also attained. 

[Claim l]On both sides of an electric insulating plate, a placed opposite is carried out 
to both sides of a thickness direction of a high voltage electrode currently formed in 
inner substance batten plate shape by earth electrode of a couple, respectively, and an 
end side portion of a short side direction of the above-mentioned batten-plate-shape 
high voltage electrode. While being formed in the shape of [ used as an inclined plane 
which is approached gradually ] an approximately isosceles triangle so that the both 
side surfaces approach a tip part, inside an earth electrode of the above-mentioned 
couple, While a supply path of mixing reaction gas with a reactant gas containing 
fluorine-containing compound gas of inactive gas, oxygen, or a fluorocarbon system 
which makes the long side direction meet and contains helium or hydrogen at least is 
formed. An inclined plane which makes a both-sides inclined plane of an 
approximately isosceles triangle-like portion of the above-mentioned high voltage 



electrode counter the end part side of a short side direction of an earth electrode of 
these couples, respectively, and constitutes a discharge gap and a mixing reaction gas 
blow-off passage is formed. And the opening of two or more mixing reaction gas 
blowout holes which separated and formed an interval in a long side direction of each 
earth electrode in the above-mentioned reactant gas supply path so that free passage 
connection might be made is carried out to an inclined plane of an earth electrode of 
these couples. At least one side of the whole surface including the whole surface 
including a both-sides inclined plane of an approximately isosceles triangle-like 
portion of the above-mentioned high voltage electrode and an inclined plane of an 
earth electrode of a couple is covered with an insulator, While making a both-sides 
discharge gap of formation between inclined planes of the above-mentioned two 
electrodes, and a mixing reaction gas blow-off passage introduce and pass the above- 
mentioned mixing reaction gas under atmospheric pressure or a pressure near the 
atmospheric pressure from two or more above-mentioned gas blowout holes, By 
impressing high frequency voltage to the above-mentioned two electrodes, A plasma 
treatment apparatus constituting so that it may spout to linear shape on the surface of 
a processed material from a blow-off part which provided a gas stream which makes 
the above-mentioned both-sides discharge gap generate glow discharge plasma, and is 
generated by this plasma, and which includes an activity excitation kind chemically in 
the downstream of a both-sides blow-off passage. 

[Claim 2]The plasma treatment apparatus according to claim 1 with which an 
insulator which covers at least one side of the whole surface including the whole 
surface including a both-sides inclined plane of an approximately isosceles triangle- 
like portion by the side of an end of a short side direction of the above-mentioned 
batten-plate-shape high voltage electrode and an inclined plane of an earth electrode 
of a couple is formed of ceramic coating. 

[Claim 3]The plasma treatment apparatus according to claim 1 or 2 with which an 
inside of an earth electrode of the above-mentioned couple and an inner substance 
batten-plate-shape high voltage electrode is made to meet those long side directions, 
respectively, and a passage for cooling water flows is formed. 
[Claim 4]Intersecting angles of a both-sides inclined plane of an approximately 
isosceles triangle-like portion by the side of an end of a short side direction of the 
above-mentioned batten-plate-shape high voltage electrode, The plasma treatment 
apparatus according to any one of claims 1 to 3 set as an angle which the gas streams 
which pass through a both-sides discharge gap and a blow-off passage, and blow off 
collide and join rather than the above-mentioned blow-off part in a jet direction 
downstream position. 

[Claim 5]The plasma treatment apparatus according to any one of claims 1 to 4 with 
which a covering casing which surrounds the above-mentioned high voltage electrode, 
an earth electrode, and an insulator is provided, and a consistency machine which 
adjusts an RF generator and a high voltage electrode in this covering casing is built 
into one. 
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